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Abstract

a

This study aims to design and develop an energy management system integrated with solar

(Community energy management)
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energy to reduce electricity consumption during TOU (Time of Use) periods. The experiment focused on
energy usage during peak hours (9:00 AM - 10:00 PM) and off-peak hours (10:00 PM - 9:00 AM) by utilizing

electricity generated from solar panels. The research was conducted at Kamphaeng Phet Rajabhat

University, which uses a TOU electricity meter. The electricity rate for peak hours is 5.7 THB per unit, while
off-peak hours cost 2.6 THB per unit.

The study tested two light bulbs, a 9-watt and a 100-watt bulb, operating both during 9:00 AM -
12:00 PM and 1:00 PM - 4:00 PM. The lights were switched off between 12:00 PM - 1:00 PM and 4:00 PM -
6:00 PM. After 6:00 PM until 6:00 AM, only the 9-watt bulb was used. The system monitored battery
voltage, charging it when the voltage dropped below 11.9 volts and stopping when it reached 12.9 volts.
Solar power was used from 9:00 AM to 10:00 PM on weekdays, while grid electricity was utilized from
10:00 PM on Fridays to 9:00 AM on Mondays. Additionally, the system allowed remote control of
electricity through an online mobile application.

The results from a three-month performance test showed that the hybrid solar system reduced
electricity consumption by 76.53%. Furthermore, integrating the energy management system with solar
power achieved an additional reduction in electricity costs of 22.32%. The system demonstrated financial

feasibility, with a payback period of 2.14 years, a benefit-cost ratio of 3.54, and a net present value of
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63,647.70 THB. The internal rate of return (IRR) was 46.97%, significantly exceeding the 6.6% financing

interest rate.

This research highlights the potential of renewable energy applications in daily life to effectively
reduce electricity costs and promote sustainability. It serves as a valuable model for integrating renewable
energy technologies into energy systems, contributing to environmentally friendly and sustainable energy

solutions for the future.

Keywords: Energy Management System, Solar Energy, Time of Use (TOU), Hybrid System
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NFIU 3 iU F9azmiulain msldndsnusiueds Wiy 23.52 kwWh Tngldndenuliiiannwaduaaefing

uanld lasvinty 18 kwWh andu 76.53% waylnliifidesddain PEA wdswiiu 5.52 kwh Ay 23.47%

NAN1SINNITIZUUNITIANITNA U INHITIUAUNAI9IULEIDIN AT LN DAANIT ITNAITUAIUDNTIYIWIAIVD

Asideu (TOU)

ATIWLITauLAauA TN

30

25
2

é 20
<

E 15
&

10

5

0

1daun 1 WFauii 2 \daun 3

imasilnd MWileas TOU

A i 8 Alnihserinansidiwesunfivazlwas TOU 3 wiau
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09 8 unsSeuisualiidleldssuunisdnnisndsnulniiisiudundanulae ingsering
TmesunAwarimas TOU wWeaanwuunsigbiilvdanuaanndassiugianan  On - Peak way Off — Peak 3
< P & ' A A o Y v At a s aa 4 ' a s
WINIINSIEIMeS TOU anunseanlnirasdlaisununisidudeunfgem iniwesunffnnuuieas 5 un dwas

TOU Peak migay 5.6 U Off Peak Mulgay 2.6 U

A15199 4 nan1silSeuiiguatninannnisiassuunisannisnaaaulninsIuiund 1 uwEIe1Rngse 19w as

555U LAIMes TOU 3 1y

Wou Al (um) nuwnslg (Kwh)
imes On - Peak Off - Peak
Normal TOU PEA PV PEA

1 27.75 21.54 2.37 18.1 3.18

2 27 20.97 2.31 17.4 3.09

3 27.25 21.19 2.34 17.7 3.11

ﬁﬂmgﬂ 27.33 21.23 2.34 17.73 3.13

374 82.00 63.70 7.02 53.20 9.38

1NA151N 4 @1315085U1elAImInleiwas TOU Wweud 1 azanailuas 1M1y 6.21 U haud 2
WiNfU 6.03 UM wazkAaun 3 Wiy 6.06 U Wielade 3 Weuageyil 21.23 um 90 27.33 um ssduaguled
A159ANSNEINUINAS WA UNT I ULAI I ARg SERIeailmesUnAkarimes TOU dreanatnag 18.3 Um #se

22.32 %

anuduAlunislindsnuuaseriindsufussuunislindsnuluiianaedaisannislindenunusns
Yaanarveanisideu (Tou)

Tumsmaanuduerlunislindsnuuaseniingsaudussuunislindsnuluiianaeduieannisld
W UINENTIT AT sl (TOU) avthuasnmssunddldanmatananistéliin uas renan
Y83 On-peak uay Off-peak W nfguivuiiuiunen Tnemsennalunded avduanmsldlnilusesy waven
Mneiundunaduneoiou Judazfeussiidnnuiuias fungalsiviniu vianduadunodeuiann
Fuanduned vl §iutungadazdunmnnuduen 15 9 aunsulseiugunsal Guan 3 2567 fa T
2581

Fuvsddnlumssnunnuduailunslindinuiaseniindsamiunmslindanulniifoannisld

NAUANNENTITIIAI8IN5LTU (TOU) AosuyunisindiasaAtlsednyikagAnouwn Fansnaaesdl i

Y
o

ANMN99EY 10,600 UM
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ASUINARDULINU
nsnanauunulagnisthansusendaaluinlugae TOU Und wnausie nmsdeailiiirvesssuuiin
Joyan1slindsnuliihvemasalniih 2 vaen vuine 100 W uay 9 W wwinisAnuiisuiuivheu uay

Tungn siodu M139UARITI Off-Peak war On-Peak LiguAuseIn1sNslalii wanadanis1ed 5

A157197 5 ANS1ARINITAIUIUNIST I NTHLAEAUADINISATIEENAN 24 F2laan1uensn TOU

NI Jungn
e %29 TOU maalnia (kw) %29 TOU maaluin (kw)
1:00 u. Off Peak 0.000 Off Peak 0.000
2:00 U. Off Peak 0.009 Off Peak 0.009
3:00 U. Off Peak 0.009 Off Peak 0.009
4:00 w. Off Peak 0.009 Off Peak 0.009
5:00 u. Off Peak 0.009 Off Peak 0.009
6:00 . Off Peak 0.000 Off Peak 0.000
7:00 . Off Peak 0.000 Off Peak 0.000
8:00 . Off Peak 0.000 Off Peak 0.000
9:00 1. Peak 0.109 Off Peak 0.109
10:00 w. Peak 0.109 Off Peak 0.109
11:00 w. Peak 0.109 Off Peak 0.109
12:00 w. Peak 0.009 Off Peak 0.009
13:00 . Peak 0.109 Off Peak 0.109
14:00 u. Peak 0.109 Off Peak 0.109
15:00 w. Peak 0.109 Off Peak 0.109
16:00 w. Peak 0.109 Off Peak 0.109
17:00 w. Peak 0.109 Off Peak 0.109
18:00 u. Peak 0.009 Off Peak 0.009
19:00 w. Peak 0.009 Off Peak 0.009
20:00 U. Peak 0.009 Off Peak 0.009
21:00 U. Peak 0.009 Off Peak 0.009
22:00 u. Off Peak 0.009 Off Peak 0.009
23:00 u. Off Peak 0.009 Off Peak 0.009
0:00 . Off Peak 0.009 Off Peak 0.009
Demand Peak (A11usoin1suigean)
Peak " . 0.109 kw Holiday 0.109 kw
FUVNNU .
Off Peak 0.009 kw NN
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FUN9Y Jungn
1281
479 TOU Aaeluila (kw) 979 TOU Aaeluila (kw)
NasINATIINas Ul
Peak o . 0.917 kWh Holiday 0.98 kWh
Juvhanu .
Off Peak 0.063 kWh NN

91137 5 wansteyanisliliiimasn 24 s tharnudesnisiniingsgn (Demand Peak) %2
Peak 9 0.109 kW 933 Off Peak fia 0.009kW wagiungn 0.109 kW nasiua1lnfinldsedu 439 Peak Ao 0.917
kWh %23 Off Peak Ao 0.063 kWh waziuvgn 0.98 kwh ihdayaludnnaniemsnsnislalnieed Fefade
Ansrzsisuniwhey wayfungalaedsanuffu 9 2567 s U 2581 deyauansirunutungavesd 2567 f
2581 Tngmsihdnwiniuvhnuiag Jungauiaunaliisuainnudenisnisidinigen wasnasiunisly
wdsulnliideganisanailniinusnsdrlain TOU daegredannlidi §as1 TOU Ussuandl 4 Aaniswunn
Tua) ussaulaiin 22- 33 kv Arpusesnisasnulni 132.93 A1usng 312.24

Fuauihs 12 Wou udunanindea il we. 2567 uae druaniduietuiauasy e 2581
wan 15 U deyansldlwihundnaiisuiuduuvesiunes dnduanduailnihseUuazsiumanauununa

M13197 6 LNBAHARDULNUYDINITAIYY

A13197 6 UEAIATNANDULNUVBINITAMY

an AlnAdns1 TOU Alvvasszuu wan1suszuonlll | saunanauLnu
(um) (um) (um) (un)
0
1 9,119.50 4,139.49 4,980.00 4,980.00
2 9,518.49 4,143.63 5,374.86 5,374.86
3 9,562.31 4,144.76 5,417.56 5,417.56
4 9,613.47 4,142.49 5,470.98 5,470.98
5 9,630.53 4,141.19 5,489.34 5,489.34
6 9,630.53 4,141.19 5,489.34 5,489.34
7 9,647.58 4,140.25 5,507.34 5,507.34
8 9,596.42 4,142.69 5,453.73 5,453.73
9 9,613.47 4,142.12 5,471.35 5,471.35
10 9,596.42 4,142.88 5,453.54 5,453.54
11 9,647.58 4,140.80 5,506.78 5,506.78
12 9,664.64 4,139.68 5,524.96 5,524.96
13 9,596.42 4,143.06 5,453.36 5,453.36
14 9,664.64 4,139.49 5,525.14 5,525.14
15 9,647.58 4,140.25 5,507.34 5,507.34

AU Amanaulny lngdinsgsiaasiolull
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1) szugnaAuyulATINTg (Payback Period: PBP)

navuselovians  74,247.70

dlonauszloniansaed = = = 4,949.85
! Fruutvedlasanis 15
- - 10,600.00 -
szezAuU) = =2141
4,949.85

szgghanAunu (@) = 2.14 U
2) gnsdURanaULNURBRUYY (B/C Ratio) lagfiansanainmisaniunuden wihdurieuinndi 1 1e991n
nsflasunanauuusenugIniuamu neliisxauselevivserlsfndu Fudlnsaulunisiasandadula

vioamuilAviniy 3.54

3) yardagiuvewanauunugns (NPY) laefiarsanainnisanduauiien 11nnin 0 lnedrudiifuuinag

Judnmesrineuunuveddamu uansiinisamuinanlinaduen
NPV = 74,247.70 - 10,600.00 = 63,647.70 um

4) gasrdrunanauwnun1elulasinis (IRR) IngWia1sannnsatiuauda 4ani1duuuedduunse

snsmenUeiuyu wifiu 46.97%

M990 7 AATIRRANNANAM A ULATHFAIEAT I1NN1TIANITUUAADINMNTZANABN 5T MU IWANUEN

svaznanduu @) (Payback Period: PBP) 21479 Auyidn 2

Sndunanauwnusesunu (B/C Ratio) 3.54 fienunnnd 1

yarlagtuvemaneuunians (NPV) 63,647.70 v finunnnd 0

Snmdunanouununglulasinis (IRR) 46.97% gunddmsnenideiuy 6.6%
d5Unan1339Y

AsPeNLUULaTIRILISTUUNITIANsnE Ul fundsnunaioindiiioannisTdndenunudas
$290981909M5191U(TOU) ieann1slindsnumusnIganaIvesnsliau (Tou) wazanuduelunisly
wisusaseindsaudunsingsulniiniioannisldndseu Tugaeszeia 3 Wew Inran1sveasInui
wHaanaseing ssuulausavivannislalniings 76.53 % wagainuan1snageulsed@nsnnssuun159n
msndsnuliihsufundsunaenfindifioannsldndnunusnstiaarvesnisldnu (ToU) wu drilszuu
msdanmsndsnuliihsusususundnunaenfindiioannisindsunusnsgrsaivensldnuTou) a
vilanAnluinasdn 22.32 % szeznandunu @) (Payback Period: PBP) Aunudil 2.14 $asidrunaneuunusie

Auvu (B/C Ratio) 3.54 4A111n131 1 Yar1dagduresnanauunuans (NPV) 63,647.70 v fiA1u1an3n 0
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Samdrunanauununiglulasanis (RR) 46.97 % ganddmsnenideiunu 6.6 %y seuunisdanandau
Tlfsufundsnunaseniind i sannisldndsunusnsgisnatvesnisidauiiaunudusruunisda
Msndanuswfundsnuaefindiliiiswntisanaldaelunisinduindu widdaasumsdndnumauny
anNANTENUADAWING DY wasiasuaseuinnssuuazidelursnsndsnuetvsailosiae lndumadeniioen

Weud1msunisannisnasnulusunan

ARRNISUUSENA

Az IdevaveuanlUsunsuivimaluladndinu rugwaluladenamnssuiatuayuaunsaliaieile

a a o

anuiianundanulunisiiudeyanuide veuauensdfivinwienansdnifu udlsd 019159990 adsdan uaz

o & ' Y a
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